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PREFACE 
Malaria Is a serious Impediment to economic development 
In the t rop ica l countries. The causative agent of the disease Is 
the malarial parasite which requires two hosts; a blood sucking 
mosquito, and a blood containing vertebrate. The development 
of parasite in vertebrate host commences wi th invasion of paren-
chymal cells of the mammalian l i ve r or the endothelial cells of 
the bird by the sporozoite released Into the blood stream, by 
an infected mosquito. These sporozoltes develop and di f ferent iate 
into merozoites (exo-erythrocyt ic schizogony), which are then 
released Into the blood stream. These merozoites invade v i rg in 
red cells and undergo intracel lu lar development through three stages 
viz. ring, trophozoite and schizont. The released merozolte re -
Invade fresh v i rg in red cel ls and the cycle continues. 
Since, the red cel ls membrane deformabl l l ty , structure 
and function are largely controlled by Its association wi th i ts under-
ly ing membrane skeleton, i t may be considered that to modify the 
host erythrocyte membrane structure and consequently the function, 
the Intracel lular parasite must f i r s t modify the membrane skeleton. 
A knowledge of these parasite-induced changes " Is essential for 
gaining a better Insight Into the host-parasite Interactions. Therefore, 
studies on the parasite-Induced molecular changes In the host 
erythrocyte membrane need to be undertaken to understand the mech-
anism that intracel lu lar parasite employs for modifying the host 
erythrocyte membrane functions to i ts needs. Such studies may 
prove useful in designing new approaches to control malaria. 
REVIEW OF LITERATURE 
GENERAL STRUCTURE OF BIOLOGICAL MEMBRANES 
The functional characterist ics of a l l cel lular and in t ra -
cel lular membranes are controlled by the i r chemical composition 
as wel l as by orientation of the component molecules in the i r s t ruc-
tural frame work. The main chemical constituents present in a l l 
the biological membranes are l i p i ds and (glyco) proteins. Since 
the membrane components have an essentially an amphiph i l l ic cha-
racter, they are forced by the i r dual i ty to adopt a unique or ient-
ation wi th respect to the aqueous medium and form a h ighly organised 
structure (1 ) . Phospholipids constitute the major portion of the 
membrane l i p i ds and usually exist in b i layer configuration (2 ) . 
The phosphol ipid b i layer serves as the basic permeabil i ty barr ier 
as wel l as the structural matrix of a l l types of biological membranes. 
This b i layer in association wi th membrane proteins provides funct-
ional d ivers i t y and mechanical s tab i l i t y to the membranes. 
One of the most prominent characterist ics of phospholipids ^ 
bilayers is the i r ab i l i t y to undergo a revers ib le thermotroplc 
phase transit ion (3) from f lu id state (where phosphol ipid structure 
is h ighly d isordered; L«cor l i qu id crysta l l ine state) at high temper-
ature to a gel state (where phosphol ip id structure Is highly 
ordered; LA, or gel crysta l l ine state) at low temperature. The 
temperature at which such a transit ion occurs is commonly known 
as melting transit ion temperature Tm or Tc. Most of the biological 
membranes are present in l i qu id crysta l l ine phase or f l u id state. 
This may have been necessitated to accommodate membrane proteins 
in the phosphol ip id bilayer and also for making the membrane 
deformable. 
The gross arrangement of various membrane constituents 
in the bi layer matrix is best described by the 'F lu id Mosaic 
Model* (F ig. 1 ) of Singer and Nicolson (4) . According to th is 
model, every l i p i d and protein molecule is free to diffuse in the 
membrane plane ( lateral d i f fus ion) . This model classif ies membrane 
bound proteins into two categories 1) integral , and 2) per ipheral 
proteins. Peripheral proteins reside on the membrane surface 
and associate wi th the membrane bi layer mainly by electrostatic 
and dipolar Interactions, whereas the integral proteins remain 
partly embedded in the b i layer matrix and associate wi th membrane 
l i p i ds by forces essentially der ived from the hydrophobic effect 
(1 ) . Integral proteins have fur ther been classif ied in three cate-
gories, v i z ; ecto, endo and transmembrane, depending on the i r 
location in the membrane b i layer . Proteins which span the whole 
b i layer thickness are termed as transmembrane proteins (C- and 
N-terminals are exposed to the opposite surfaces) whi le proteins 
whose both C~ and N-terminals are ei ther exposed at the ex t ra-
cel lular or intracel lu lar sruface are termed as ecto and endo proteins 
respect ively. This model was later modified by Nicolson (5 ) , 
who suggested that lateral dif fusion of some of the integral proteins 
is Impeded by the i r association wi th per ipheral proteins located 
at the cytoplasmic surface of the membrane (cytoskeletal proteins). 
The interactions between integral and cytoskeletal proteins are 
Fig. 1 : Three dimensional f lu id mosaic concept of membrane structure. 
The sol id bodies represent the globular integral proteins 
which at long range are randomly d is t r ibuted In the plane 
of the membrane. The open c i rc les denote the ionic and 
polar head groups of the phosphol ipid molecules which make 
contact with water and wavy l ines. 
probably responisble for transmission of receptor mediated signals 
from the cel l exter ior to the cel l inter ior (6 ) , and control such 
important membrane events l i ke fusion (7) and endocytosis (8) . 
Another important structural feature of biological membranes 
is that the i r constituents are asymmetrically d is t r ibuted in the 
two monolayers which are described below. 
Lipid Asymmetry: 
After Daniell i-Davson's discovery that phosphol ipids when 
dispersed in water from bi layer (2 ) , another major breakthrough 
in membrane research has been that of Bretscher's f inding that 
biological membranes are vectorial structures (9 ) , that is the i r 
components are asymmetrically d is t r ibuted in the b i layer . Every 
copy of a given protein in the membrane has the same orientat ion, 
whereas almost every type of l i p i d is unequally d is t r ibuted in 
the two surfaces of the membrane b i layer . 
A large number of studies on localization of membrane 
phosphol ipids in the two surfaces of different types of biological 
membranes have been carr ied out. The phosphol ipid d ist r ibut ions 
in "membranes have been determined mainly by employing (a) chemi-
cal label l ing reagent (b) enzymatic probes (c) phosphol ipid exchange 
proteins and (d) immunological techniques. 
Asymmetry of Proteins: 
There are reports that biological membrane proteins are 
not symmetrically d is t r ibuted or to be unexposed on either surfaced 
Asymmetry of Carbohydrates: 
Carbohydrates are found associated only with extracel lular 
portions of the membrane components which is supported by the 
observation that secreted proteins are generally glycosylated whi le 
cytoplasmic proteins are not glycosylated. 
THE RED CELL MEMBRANE 
The red cel l membrane is composed of a b i layer of l i p ids 
into which proteins are inserted, and th is is laminated onto an 
underlying protein lat t ice network, the cytoskeleton (10,11). 
Here, f i r s t the red cel l membrane proteins are described 
and then the red cel l membrane phosphol ip ids. 
Membrane Proteins: 
When membranes are dissolved in excess of sodium dodecyl 
sulphate (SDS) the proteins get separated both from the l i p ids 
and from one another. Electrophoretic separation in a SDS-poly-
acrylamide gel resolves some AO constituents, of which 8-12 are 
the major polypeptides (F ig. 2 ) . , 
Membrane proteins are d i v ided into 2 major classes: integral 
and per ipheral proteins. Integral membrane proteins penetrate 
or span the l i p i d b i layer and interact wi th the hydrophobic l i p i d 
core. Band 3, Band A, 5 and the glycophorins are the three major 
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Fig . 2: A schematic represenfetion of the major membrane 
proteins of the human red cel l separated by 
SDS-PAGE. Gel banding patterns are shown 
after Coomassie blue or periodic acid-Schi f f 's 
staining. The values for subunit molecular 
weight and abundance are based on Gratzer 
(115) and Goodman & Schiffer (116). 
integral membrane proteins in red ce l ls . These are glycoproteins 
and ofcourse, the glycophorins are comparatively more glycosylated 
than the other two. The glycosylated port ion of these proteins 
is exclusively localized on the outer surface of the membrane 
b i layer . These proteins bear the various blood group antigens, 
lectin binding sites and other antigen recognition si tes. 
Peripheral proteins are not inserted into the bi layer and 
reside on the inner surface of the membrane. They are bound 
by the electrostatic forces to the membrane l i p i ds and integral 
proteins. The major per ipheral proteins, which consists mainly 
of spectrin (bands 1 and 2) , actin (band 5 ) , band (4.1) and enzyme 
glyceraldehyde-3 phosphate dehydrogenase located on the cyto-
plasmic side of the membrane, form a 2-dimensional cytoskeletal 
network (F ig. 3 ) . 
A br ief review of the structure and function of the red 
ce l l membrane proteins is given below: 
Spectr in; 
Spectrin " is the major component of the red cel l cytoskeleton 
(70^) proteins. There are about 200,000 copies of spectrin per 
human red ce l l . I t gets detached from the red cel l membrane 
by low ionic strength extf-action, suggesting that the attachment 
of th is protein wi th membrane is electrostat ic. I t is a hetero-
dimer, consisting of two polypeptides referred to as band l-(240 
kD) and band 2-(220 kD), they are also called asocandg spectr ins. 
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F ig . 3: Schematic model of the organization of proteins 
in the human erythrocyte membrane. From Gardner 
and Bennett (117) . 
The gene for •C subunit l ies on chromosome 1 and, whi le the p 
subunit gene is on chromosome 14. The quaternary structure of 
the isolated spectrin is dependent on the mode of extract ion. 
AT A C the extracted protein is in tetrameric form whi le i f extract-
ion is performed at 37 C the spectr in is obtained in tetrameric 
as well as dimeric form (12). 
Spectrin dimer and tetramer are interconvert ible and th is 
conversion is temperature dependent. This is due to the high 
act ivat ion energy characterising the interact ion. (13). This is 
supported by the observation that the physiological amount of 
spectrin can be rebound to spectr in depleted vesicles only when 
tetramer is used (14), and only membrane skeletons containing 
tetramer are stable to mechanical stress (15). 
Higher oligomers of spectr in can be formed in concentrated 
spectrin solutions incubated at 30°C and small quantities of higher 
oligomers appear to be present in membranes (16). However, 
i t has been suggested that these higher order oligomers are not 
necessary for the maintenance of the membrane cytoskeletal in tegr i ty . 
Conformational characterist ics of spectr in ; 
Circular Dichormism measurements (17, 18, 19) show that 
spectrin has a h igh-hel ica l content (60-70%). The hydrodynamic 
properties of spectrin are those of a highly asymmetric molecule. 
The sedimentation coefficient for the spectrin dimer is 9.5S (for 
a globular protein of the same molecular weight it would be about 
10 
18S corresponding to a f r ic t ional rat io of 2.1). The solution pro-
perties of spectrin show a s t r ik ing dependence on ionic strength 
beyond the range of known charge effects unrelated to conformational 
changes. The l ight scattering data of Elgsacter (20) has provided 
the most conclusive conformational characterization of salt dependent 
changes in spectr in. A substantial increase in the radius of gyra-
tion can be observed when the ionic strength is decreased (reaching 
40 nm at 1 mM sa l t ) . This suggests a conformation which is cap-
able of a large degree of f l e x i b i l i t y . The above observations 
are supported by the proton magnetic resonance spectroscopy (21), 
which exhibited sharp peaks corresponding to a port ion of the 
aliphatic side chains thus proving that these signals are coming 
from protons in an unrestricted environment. The electron rotory 
shadowing microscopic studies of Shotton et^  al_ (22) have been 
extremely helpful in resolving the structure of spectr in. I t revealed 
that dimer is an elongated molecule some 97nm in length, the two 
chains ly ing side by side and loosely associated possibly coiled 
around each other and joined at both the ends. The spectrin 
is worm l i ke rather f lex ib le and bent molecule in solution. The 
tetramers consists of two dimers associated end to end. This associ-
ation is evidently head to head since spectrin does not polymerize 
in a continuous isodesmic manner. Hexamers and higher order 
oligomers can be seen at low abundance in rotory shadowed prepara-
tions and the i r mode of formation is the head to head association. 
Spectrin is an acidic protein wi th an PI of about 5.0. The amino 
acid composition of the two subunits are remarkably simi lar and 
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are unusual in the i r high content of aspartic acid and glutamic 
ac id . I t is clear that the subunit is not derived from by post 
translational proteolysis. Digestion of spectrin by t ryps in results 
in the appearance of a sequence of fragments as seen on SDS gels, 
which is consistent wi th a repeating structure w i th in the molecule. 
Sequencing studies have confirmed the deduction of repeating units. 
A sequence repeat of 106 amino acid, residues have been ident i f ied 
and is present in both the oC and ft chains (23). Homology is 
variable between repeat sequences except at posit ion 45 where 
tryptophan is invar iably conserved. Spectrin contains four co-
valently bound phosphate groups which are located wi th in a 10,000 
daltpn peptide of the terminal end of the subunit (24). I t Is 
phosphorylated by two cAMP independent kinases, one cytoplasmic, 
the other membrane bound. A l l four sites are equally prone to 
phosphorylation (24). Spectrin can also be phosphorylated in 
v i t ro by a cAMP dependent kinase, th is has no physiological ro le. 
Act in : 
This is another major cytoskeleton protein, which is present 
in about 400,000-500,000 copies per cel l and most of these molecules 
are associated wi th the membrane skeleton. The concentration 
of free actin in erythrocyte cytosol has been estimated at 15 ug/ml 
(25) which is close to the c r i t i ca l concentration of free actin 
f i laments. Isolated erythrocyte actin has been found to be identical 
to actin from other cel l types in that i t polymerizes into extended 
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f i laments, and activates myosin ATPase ac t i v i t y (26). However, 
there is one difference of erythrocyte actin is the pr imar i l y one 
isoform (beta) (25), whi le other cel ls have a mixture of actin 
Isoforms which gives r ise to a poss ib i l i ty that the erythrocyte 
actin isoform has specialized functional propert ies. The e ry th ro -
cyte actin is assembled into defined short filaments containing on 
the average of 12-14 actin mononers. Direct evidence of an ol lgo-
meric form of actin has been provided by electron microscopy which 
reveals rather uniform structures of 7-8 nm in width and an average 
length of 33-37 nm which nucleate assembly of actin filaments (27). 
Protein 4 . 1 ; 
Protein A. l is present in about 200,000 copies per ce l l 
and is the major accessory protein associated wi th spectrin and 
actin in membrane skeletons and isolated functional complexes. About 
80 percent of protein A. l remains associated wi th erythrocyte mem-
branes fol lowing extraction of spectr in and actin by low ionic 
strength buffer, and nearly a l l of the protein 4.1 is recovered 
in membrane skeletons prepared by extraction of erythrocyte ghosts 
wi th nonionic detergent. Protein A. l has been pur i f ied ei ther from 
low ionic strength extracted membranes (28), or from membrane 
skeletons following solubi l izat ion in IM Tr is (29). Protein 4.1 
is a monomer in d i lute solution, having a molecular weight of 78,000 
daltons by sodimoritGtion equi l ibr ium measurements. 
Protein 4.1 consists two polypeptides referred to as 4.1a 
and 4.1b that d i f fe r in apparent molecular weight by about 2,000 
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daltons. The difference in mobi l i ty on SDS-gels originates from 
the carboxy-terminal (Mr=22,000, 2A, 000) domains of 4 . 1 , but p ro-
bably is not due to a difference in primary sequence, but due 
to a post-translational modification that occurs during maturation 
and aging of erythrocytes. The lower molecular weight form 4.1b 
predominates in young erythrocytes whi le the higher molecular 
weight 4.1a is the major form in older cel ls (30). A notable feature 
of protein 4.1 is the large size of the mRNA which is 5.6 kilobases 
in length or three time the length required to encode for the protein. 
The genomic DNA coding for protein 4.1 is even more oversized 
wi th an estimated length of at least 40 kilobases (31). I t is of 
interest that in avian erythrocytes and lens mult ip le forms of 4.1 
are expressed wi th molecular weights up to 175,000 daltons and 
the pattern changes during ery thro id d i f ferent iat ion. A single 
4.1 gene thus is l i ke l y to produce mult iple mRNAs by t issue-specif ic 
and developmentally regulated al ternat ive sp l ic ing. 
Ankyr in ; 
Ankyr in or syndein is a family of proteins of band 2.1 
series. Band 2.1 has been characterized f u l l y . I t is an asymmetric 
molecule wi th a sedimentation coefficient of 6.9 S. I ts molecular 
weight ranges from 200-210 kD. One hundred number of copies 
-3 
are present for 10 ce l ls . I t acts as a l ink between subunit of 
spectr in and integral protein band 3. 
Band 4.2; 
This is a peripheral protein of about 72 kD molecular weight. 
There are about 200,000 copies per red cel l and accounts about 
1A 
5^ of the total membrane proteins. I ts binding wi th the cytoplasmic 
domain of band 3 is reported (32). 
Band 4.9: 
Protein A.9 is a 48,000 molecular weight polypeptide associa-
ted with spectr in-act in complexes that has been demonstrated to 
Interact with actin filaments by ^Q v i t ro assay (33). Band 4.9 
is present in detergent extracted membrane skeleton and is par t ia l l y 
extracted from membranes wi th low ionic strength buffer. 
Protein 4.9 does not associate with spectr in alone, but 
does bind to and bundle actin f i laments. Actin bundling ac t i v i t y 
does indicate that 4.9 has two actin binding si tes. 
Tropomyosin; 
Erythrocyte tropomyosin is comprised of two polypeptides 
of Mr=29,000 and Mr-27,0C0 that are present as dimers In about 
70,000-80,000 copies per cel l (34). Erythrocyte tropomysin has 
been pur i f ied and demonstrated to possess a number of propert ies 
in common wi th other tropomyosin proteins including common antigenic 
s i tes, physical propert ies of an asymmetric dimer wi th a calculated 
molecular weight of 60,000 daltons, characterist ic amino acid com-
posi t ion, Isoelectric precipi tat ion at pH 4.5 and heat s tab i l i t y . 
Erythrocyte tropomyosin associates wi th actin filaments in a highly 
cooperative fashion wi th a stolchlometry of one dimer per 6-7 actin 
monomers. Erythrocyte tropomyosin has been proposed to be asso-
ciated wi th the actin filaments in the membrane skeletons in a 
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manner analogous to tropomyosin and actin in other systems wi th 
a tropomyosin dimer attached along each of the two grooves of 
the actin he l i x . 
Myosin; 
The f i r s t proof for the presence of myosin In red cel ls 
was reported by Ki rpatr ick and Sweeney in 1980 (35). About 6,000 
copies of myosin are present per red ce l l . Myosin probably con-
t ro ls the shape changes in the erythrocyte as i t passes through 
narrow capi l lar ies and sinusoids. An association of myosin wi th 
integral membrane proteins has been shown, suggesting that myosin 
and actin could serve as secondary sites of linkage of the b i layer 
to the skeleton. 
Glycophorins; 
Glycophorin A, ' an 31 kD protein, is the major sialoglyco-
proteln of the red cel l membrane, called as glycophorin A containing 
60% carbohydrate and 40% protein. There are about 370,000 copies 
of glycophorin A/ce l l and i t constitutes about 1-2% of the total 
membrane proteins by weight. In i ts monomeric form i t is ident i f ied 
on PAS-stalned gel as PAS-2 whereas in i ts dimeric form i t is 
ident i f ied as PAS-1 (F ig. 2) . I t probably exists as a dimer in 
the membrane. The outermost portion of the protein molecule con-
tains most of the s ia l ic ac id , the MN blood group antigens, binding 
sites for influenza virus and lectins such as phytohaemagglutinin 
16 
and wheat germ agglutinin (WGA). Glycophorin A is responsible 
for much of the ce l l ' s negative surface charge. Glycophorin B, 
an 24 kD glycoprotein contains 5-10% carbohydrate, constitutes 0.2-
0.5% of the membrane protein, and corresponds to PAS-3 on SDS-
PAGE (36). I t carr ies the receptor for WGA, the N,S and s antigenic 
stt'es with the f i r s t 23 amino acid residues identical to glycophorin 
A from N,N ce l ls . 
E n ( ^ red cel ls are deficient in glycophorin A whereas 
indiv iduals who lack blood group antigens S and s (S s~) have 
decreased amount of glycophorin B. Despite t h i s , no erythrocyte 
shape change function or l i fe-span has been noted in these glyco-
phorin deficient cel ls (37, 10). 
Glycophorin C: 
The N-terminal portion of th is glycoprotein d i f fe rs from 
that of glycophorins A and B. Glycophorin C migrates in the region 
of PAS-2 (F ig , 2 ). This protein has been called glycoconnectin 
since i t may be associated wi th the cytoskeleton through attachment 
to Band 4.1 (38, -39) . 
Band 3; 
The transport of anions across the red cel l membrane is 
mediated by the major integral glycoprotein, band 3. The protein 
was designated Band 3 by Fairbanks ^ a][ (36) and has been com-
prehensively reviewed by Steck (40). I t migrates as a broad 
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zone on SDS-polyacrylamide gel wi th a mobi l i ty which corresponds 
to a molecular weight between 90,000 and 110,000 daltons. The 
width of the zone has been at t r ibuted to a heterogenity of g lyo-
sy lat ion, as i t appears to have only a single type of peptide back-
bone. I t represents about 25% of the total Coomassie-Blue staining 
material of the membranes, which corresponds to about 1.2x10 
copies per ce l l . 
Band 3 is obtained as a stable dimer when isolated in 
presence of nonionic detergents. There is some evidence that i t 
exists in the membrane as a noncovalently l inked tetramer although, 
the poss ib i l i ty that the two forms might exist in equi l ibr ium cannot 
be dismissed. 
A number of functions are served by band 3 in the membrane. 
F i r s t , and foremost, i t helps in anion exchange ( i ^ . for HCO- ) 
across the red ce l l membrane. The transporter behaveis as a c lass i -
cal membrane car r ie r . The transported ions interact wi th binding 
sites accounting for the saturation type kinet ics, competition between 
substrates, anion speci f ic i ty and action of compet i t ive- inh ib i tors . 
Kinetic data are overwhelmingly in support of a ping-pong mechanism 
for anion exchange, in which the anion binds at one surface and 
Is transported to the other. Another anion binds at the surface 
and is transported to the opposite s ide. The transport si te is 
then avai lable for another cycle. Band 3 helps in the transport 
of dif ferent hal ides, HCO,", PO "3 qn -2 .^ ^ , 
' 3 ' "-^ 4 > ^'-'4 etc, at varying rates. 
I t is also believed that band 3 faci l i tates the entry of water across 
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the red cel l membrane (Al ) . Band 3 can be cleared into two dist inct 
fragments by t ryps in or chymotrypsin treatment on the inner face 
of the membrane. The 42 kD cytoplasmic domain is completely 
water soluble and has binding sites for Hb, g lycoly t ic enzymes, 
bands 2.1 and band 4.2. I t plays no role in the transport ac t i v i t y 
of the membrane. The membrane spanning domain has a molecular 
weight of approximately 55 kD. I t bears the anion exchange ac t i v i t y , 
as well as the carbohydrate moiety. 
The sequence of the f i r s t 20 residues of the 42 kD cyto-
plasmic domain has been determined (42). The amino terminal 
region is ext raord inar i ly acidic wi th 6 aspartate and 12 glutamate 
residues out of the f i r s t 33 amino acids. The region serves as 
the attachment si te of a l l g lyco ly t ic enzymes. Near the 42 kD 
domain l ies the binding site of ankyr in . The 55 kD membrane 
spanning domain is involved in the anion transport across the mem-
brane. The posi t ive charges on lysine residues present in th is 
segment are probably essential for binding of anionic substrates(43). 
Band 4.5; 
The 4.5 polypeptide is an integral membrane protein res-
ponsible for monosaccharide transport by faci l i tated di f fusion. I t 
amounts to about 9.8±1.9^ of the total membrane proteins (44) and 
about 124,000-194,000 copies are present per cel l (45). I t migrates 
as a broad band of 43 to 44 kD on SDS-PAGE gels due to hetero-
geneity caused by glycosylat ion. Carbohydrate constitutes about 
15^ of protein by weight (46). 
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Interaction of the Membrane Skeleton with the Intrinsic Membrane 
Domain: 
Studies by Bennett and Branton (47) have revealed that 
spectrin binds wi th high af f in i ty to inside out vesicles already 
depleted of spectr in. Binding of spectr in was inhib i ted when spec-
t r i n depleted inside out vesicles were treated wi th t ryps in due 
to the release of 72 kD fragment. This 72 kD fragment was immuno-
logical ly confirmed to be the ankyr in fragment and the membrane 
attachment si te for spectr in. Binding studies also confirmed that 
band 2 attaches wi th ankyrin wi th an af f in i ty constant of 4.3x10 
(48). The 72 kD water soluble fragment has spectrin binding site 
whi le a 90 kD fragment has been reported to have the binding 
site for in t r ins ic part of the membrane. The f i r s t evidence for 
the attachment of ankyr in to the in t r ins ic domain via band 3 came 
from the observation that ankyr in and Band 3 are copuri f ied (49) 
by TritronX-100 I t was found that 40% of the band 3 remain 
bound to skeletal proteins after extraction of a l l l i p i d s . Other 
experiments demonstrated that 15% of Band 3 remained bound to 
the skeletal proteins. So we can draw the conclusion that about 
15-40% of the band 3 remain bound to the skeleton. Other evidences 
suggests that ankyr in binding sites are present on the cytoplasmic 
domain of band 3 and a l l band 3 molecules have almost an equal 
a f f in i ty for ankyr in , and i t was, therefore, suggested that band 
3 existed as a tetramer in the membrane. 
A.l SF>ectrin-actin Interactions: 
Protein 4.1 is associated wi th spectr in and actin in membrane 
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skeletons, and _iri v i t ro assays in many laboratories indicate that 
these three proteins part ic ipate in a ternary or higher order complex. 
Protein 4.1 does not interact d i rec t ly wi th actin but does promote 
association of human erythrocyte spectrin wi th actin (50). Protein 
4.1 interacts d i rec t ly wi th the ta i ls of spectrin tetramers, that 
have been localized by electron microscopy (28). Protein 4.1 asso-
ciates wi th the isolated subunits of erythrocyte spectr in , although 
intact spectr in dimers are required to form a spectr in-act in-4.1 
complex (51). Thus both spectr in subunits as wel l as 4.1 are 
involved in association wi th act in. 
The stoichiometry of components in spectr in-act in-4.1 com-
plexes depends on the re lat ive concentration of each protein in 
the reaction. The rat io of spectrin dimer to 4.1 in 4.1-dependent 
actin complexes varied from 2:1 wi th low amounts of 4.1 to 1:2 
at high concentrations of 4.1 (51). The implication of a 2:1 rat io 
of spectrin to 4.1 is that under these conditions each 4.1 is cap-
able of promoting binding one and possibly two spectrin molecules 
to actin f i laments. 
Association of Cytoskeleton with Bilayer: 
Several studies have suggested that cytoskeletal proteins 
• interact wi th the phospholipids located in the cytoplasmic side 
of the membrane bi layer (Reviewed by Haest)(52). This has been 
speculated that the d i f ferent ia l interactions between phospholipids 
and membrane proteins probably help in maintaining the asymmetric 
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dist r ibut ion of phospholipids in red cel l membrane. Spectrin, 
the major cytoskeletal protein of the red c e l l , has been speculated 
as the protein involved in the asymmetric d is t r ibut ion of phos-
pho l ip ids . This speculation is supported by the f inding that 
covalent close l ink ing of spectr in is invar iably associated with 
loss of transmembrane phosphol ipid asymmetry (53, 54). The 
role of spectrin-membrane interactions in maintenance of the mem-
brane phosphol ipid asymmetry has been supported by the obser-
vation in s ickled cel ls (55). I t has been shown that model mem-
branes also (PS liposomes) bind signif icant ly wi th the cytoskeletal 
extract (56, 57). Spectrin binding to PS liposomes is enhanced 
signif icant ly in the presence of phosphatidylethanolamine (PE). 
PS liposomes have also been reported to interact wi th 4.1 po ly -
peptide (58). The inference of a l l these studies is that the cyto-
skeletal proteins, spectrin in par t icu lar , contribute to the immobi-
l izat ion of the inner layer l i p i d s , aminophospholipids in par t icu lar . 
Red Cell Membrane Lipids: 
Phospholipids and cholesterol are the two major l i p i ds 
present in the erythrocyte membrane. Human red ce l l membrane 
contains four major [Phosphatidycholine (PC), Sphingomyelin (SM), 
phosphatidylethanol-amine (PE) and phosphatidic acid (PA)] types 
of phosphol ip ids. The choline phospholipids are more predominant 
than the aminophospholipids, and are mainly localized in the 
outer monolayer (approximately 75% PC and 80% SM), whereas amino-
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phospholipids are present (about 80% PE and 100% PS) mainly in 
the inner monolayer (59, 60). The fatty acyl chains of PE and 
PS are more unsaturated than that of PC and SM (61, 62), which 
appears to suitably account for the differences in the f lu id i t ies 
of the two monolayers (phase state asymmetry) (63). 
The asymmetric d is t r ibut ion of phosphol ipids wi th in the 
membrane is at least par t ly responsible for the membrane charge 
asymmetry, as only PS carries a net negative charge at the physio-
logical pH. This phosphol ipid asymmetry in the erythrocyte mem-
brane has physiological significance, since the presence of PS 
in the outer leaflet would tend to hyperactivate the blood coagula-
tion system (6A). Also i t may be essential for maintaining an 
appropriate environment for optimal functioning of the membrane 
bound enzymes and other functional proteins (65). 
Cholesterol is another major l i p i d constituent in the e ry th ro -
cyte membrane and is present in the molar rat io (cholesterol : 
phosphol ipid) of 0.90. I t regulates the permeabil i ty of biological 
membranes by affecting the membrane microviscosi ty. 
Recently i t has been shown that cholesterol can affect 
the turnover of polyphosphoinosit ides, which in turn would i n -
fluence of the erythrocyte shape (66). In spite of an extensive 
work no def ini te conclusion has yet been drawn regarding the trans-
bi layer d is t r ibut ion of cholesterol in the erythrocyte membrane, 
though there are evidences to suggest that the outer leaflet is 
enriched in cholesterol (67, 68, 69). 
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About 6-8% of the membrane ca rbohyd ra te is bound to l i p i d s 
i n the form of g l y c o l i p i d s wh ich are present e x c l u s i v e l y in the 
outer surface of the e r y t h r o c y t e membrane (70 ) . 
MALARIAL PARASITE INDUCED CHANGES IN RED CELL 
Receptors and Invasion Mechanism: 
The l i f e cyc l e of ma la r i a l pa ras i te i s marked by the p e r i -
od ic rup tu re of in fec ted e r y t h r o c y t e s , re lease of i n f e c t i v e mero-
zoi tes and re i nvas ion , in to e r y t h r o c y t e s ( F i g . A ) . The invas ion 
process i s a complex sequence of events and begins w i t h the a t t a c h -
ment of the merozoi te to the e r y t h r o c y t e . Accord ing to M i l l e r 
(71) the to ta l process of invas ion takes about 30 seconds and con-
s i s t s of four phases. I n i t i a l l y , the pa ras i te recognises and at taches 
to the red c e l l , wh i ch i s fo l l owed by deformat ion of the target 
c e l l membrane. Subsequent ly , the merozoi te enters the e r y t h r o c y t e 
by way of invag ina t ion of the red c e l l membrane and f i n a l l y a f te r 
the en t ry i s comp le ted , the membrane seals of ( F i g . 5 ) . Th i s i n -
vasion process has a lso been desc r i bed i n d e t a i l by l i g h t and 
e lec t ron -m ic roscop ic techniques (72 ) . The b ind ing of the invad ing 
merozoi te to the red c e l l i s h i g h l y s p e c i f i c and i s mediated by 
spec i f i c c e l l sur face recep to rs ( 7 3 ) . McGhee repor ted tha t 
P . lophurae merozoi tes have much h ighe r a f f i n i t y fo r duck e r y t h r o -
cy tes than ch icken e r y t h r o c y t e s . In 1973, M i l l e r et^ al_ (7A) observed 
that enzyme t rea ted red ce l l s show res is tance to P .knowles i and 
P . fa l c ipa rum i n fec t i on . Th is conf i rmed paras i te s p e c i f i c recep to rs 
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Hepofic Phose 
Fig. 4 : The l i fe cycle of Plasmodium. A schematic repres-
entation of various phases in the l i fe cycle of 
the species P.falciparum. Not drawn to scale, 
M, Merozoite; RBC, red blood c e l l ; R, r ing ; T, 
trophozoite; S, schizont; 0 and 0, male and female 
gametocyte; 0 , oocyte; Sp, sporozoite; H, Hepatocyte. 
From Breuer, W.V. (115). 
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Fig . 5: Major stages in the invasion of a malarial 
merozoite into an erythrocyte. 
26 
on red ce l l . The work of Mi l ler et^  ^ (75) revealed that human 
erythrocytes lacking the duffy blood group are resistant to P. vivax 
invasion. Also, P. vivax invasion of duffy posi t ive human red 
cel l is blocked by antiduffy antibodies. 
However, there are two objections to these observations. 
First duffy negative red cel ls become susceptible to P.knowlesi 
invasion on treatment wi th neuraminidase or t ryps in and yet remain 
duffy negative. Secondly, P. knowlesi attaches to duffy negative 
human erythrocytes but fa i ls to enter them. Thus i t may be con-
sidered that i t is the inter ior izat ion rather than recognition that 
is defective in duffy negative erythrocytes (76). 
Glycophorin A as well as glycophorin B and C are reported 
to be the possible receptors for the malarial merozoite wi th the 
observation that En(a ) erythrocytes are poorly invaded by 
P.falciparum. This was also confirmed with the f inding that an t l -
glycophorin A as wel l as glycophorin inh ib i t invasion of P.falciparum 
in v i t ro (77). Removal of s ia l ic acid moieties and the N-terminus 
of glycophorin C from red cel l by enzymatic treatment also affects 
the Invasion process. From th is observation i t has been suggested 
that sugar residues of glycophorin may be involved in the binding 
of the merozoite to the erythrocyte and corresponding lectin l i ke 
polypeptides have been ident i f ied on the surface of P.falciparum 
merozoites. . A l l these evidences support the involvement of g lyco-
phorin in the merozoite association with the red ce l ls . Despite 
a l l these evidences the involvement of glycophorins as the receptor 
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for P.falciparum has recently been questioned. Okoye and Bennett 
(78) have reported the involvement of band 3 as a possible receptor 
for the P.falciparum merozoite. This hypothesis shows that band 
3 protein (1 mi l l ion copies per red cel l ) part icipates in malarial 
invasion in a highly specif ic manner. I t may thus be concluded 
that the erythrocyte receptor for the malarial parasite is not 
yet fu l ly characterized, but glycophorin A and band 3 do help 
the parasi te 's entry into the red ce l l . After i n i t i a l attachment 
of the merozoite to the red ce l l , the merozoite reorients i tse l f 
such that the apical end of the parasite is opposed to the e ry th ro -
cyte membrane. This is followed by formation of a junction between 
the apical end of the merozoite and the erythrocyte membrane 
(79). Studies by Aikawa et_ al_ (80) have confirmed that IMP 
(Intramembranes part ic les) which represents integral membrane 
proteins, band 3 and glycophor in, rearrange themselves at the 
site of Plasmodium entry, just as in endocytosis or membrane fusion. 
Another important feature of the invasion is that any a l ter -
ations in the cytoskeleton-transmembrane protein interactions should 
Inh ib i t invasion. This is supported by the observations that 
P. falciparum fa i ls to invade ghosts having cross-l inked spectrin 
and reduced invasion in cel ls having abnormal spectrin (81). 
ATP depletion leads to aggregation of IMP, which in turn may 
suitably account for reduced invasion of red cel ls having decreased 
ATP levels (82). P.knowlesi invasion to monkey red cel l is i n -
h ib i ted by modifying cytoskeleton wi th Colchicine and Vinblastin 
which act as crossl inker for cytoskeleton. 
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Other Changes in Host Cell Membrane: 
Drastic morphological changes have been observed in the 
discosit ic shape of red cel l wi th the maturation of the parasite. 
This includes surface indentations, capping of erythrocytes and 
variable and irregular surface protrusions. In case of P.falciparum 
asexual parasites induce the formation of knobs and underlying 
electron dense material (EDM) at the erythrocyte membrane (83). 
These knobs express new surface antigens. Recent freeze-fracture 
electron microscopic studies have visualized knobs as conoid pro-
jection of the protoplasmic fracture face wi th the depression of 
the exoplasmic fracture face (EF) of the erythrocyte membrane 
(84). These knobs form focal junctions wi th the endothelial ce l l 
membranes or wi th the knobs of other erythrocytes, resulting in 
the sequestrations of the infected erythrocytes of certain species 
along the vascular endothelium (85). The sequestration of these 
cells in deep tissues may be favourable for the di f ferent iat ion 
and development of the parasite. 
Small surface invagination called caveolae, are observed 
in erythrocytes infected wi th P.knowlesl, P.ovale or P. vivax. 
These invaginations are surrounded by small vesicles and caveolae-
reside complex correspond to Schuffner's dots observed under 
l igh t microscopy. There is decrease in the normal density of 
IMP in malaria infected red ce l ls . This reduction in IMP was 
much more marked in areas where schizont and host cel l plasma 
membranes were in close apposition and has been thought to result 
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in expansion of the host cel l membrane, and also in an increase 
in lateral movement of transmembrane proteins. Furthermore, the 
alteration in IMP density depends on the type of erythrocytes. 
There was no change in IMP d is t r ibut ion in P.falciparum infected 
human erythrocytes whereas aotus erythrocytes infected wi th 
P.falciparum showed an aggregation of IMP over the P-face of the 
knobs. This variat ion has been correlated to the differences in 
cytoskeleton-band 3 interactions in the two types of red cel ls 
(86). However, A l l red et^  al^ (1984) observed series of changes 
associated wi th PF leaflet of human erythrocytes infected wi th 
P. falciparum. These alterations include: (a) IMP clustering in 
the central core of the knobs surrounded by an IMP-freeze zone 
and concentric IMP ring (b) erythrocyte membrane deformation 
concomitant wi th a loss of IMP organization and (c) parasite develop-
ment d id not affect IMP densities in the PF but a decrease was 
noted In EF of schizont infected erythrocytes. 
Membrane L ip ids of Infected Red Cells; 
Malarial parasite infected red cells have altered membrane 
l i p i d composition and f l u i d i t y . The cholesterol level in red cel ls 
have been found to be reduced (87). Alterations in membrane 
phosphol ipid organization have been reported in erythrocytes har-
bouring dif ferent developmental stages of parasites. The f i r s t 
evidence of al terat ion of membrane phosphol ipid asymmetry in 
malarial parasite infected red cel l was reported by Cooper and 
Miller (88). It was supported by Gupta and Misra (89)who reported 
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alteration in the d is t r ibut ion of aminophospholipids in P.knowlesi 
Infected red cel ls using enzymatic and chemical probes. I t has 
been observed (90) that the increase in aminophospholipids (PS 
& PE) in the outer leaflet of the membrane is stage dependent 
or much more pronounced in the late-stage of the parasite develop-
ment. 
The proportions of fat ty acids are also altered markedly 
as a result of parasi t izat ion, l i ke a decrease in polyunsaturated 
fat ty acids and an increase in saturated octadec^'noic acids have 
been reported in these ce l ls . 
These changes in membrane l i p ids may suitably account 
for altered f l u i d i t y of plasma membrane, which has been observed 
In P.berghei and P. falciparum infection with fluorescence and electron 
spin resonance spectroscopies'llA). The changes in membrane f l u i d i t y 
Is also stage dependent (90, 91). 
Changes in Host Cell Carbohydrate Organization; 
Membrane protein bound carbohydrates are also altered 
in parasit ized red ce l ls . Parasitized red cel ls show enhanced 
binding of Concanavalin A and WGA as compared to normal mouse 
red cells. The sialic acid content In schlzont Infected red cell 
is found increased as compared to uninfected red cel ls (92). 
Changes in Host Cell Membrane Proteins; 
Malarial parasite introduces tvyo types of changes in red 
ce l l membrane proteins. F i rs t , i t modifies the red cel l membrane 
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Table 1 : Literature data concerning the disposit ion of 
Plasmodium proteins in plasma membranes of 
parasit ized erythrocytes. 
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'Out s i d e ' , exposure of parasite proteins on, the surface 
of infected erythrocytes; ' c r y p t i c ' , association of parasite 
protein wi th the cytoplasmic face of the host cel l plasma 
membrane or not accessible from the outside in intact e ry -
throcyte. 
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proteins and secondly i t introduces some new proteins in the red 
cell membrane to fac i l i ta te i ts entry and subsequent growth in 
host ce l l (Reviewed by Gupta, 93). The modifications in the 
host ce l l membrane proteins include the degradation of certain 
membrane proteins notably spectr in, band 4.1 polypept ide, g lyco-
phorins and components of Band 5. The degradation of these pro-
teins are thought to be the new bands that appear in the electro-
phoretograms of malarial parasite infected red cel l membranes. 
However, th is is not yet known as to how these changes in the 
membrane proteins are brought about by the intracel lu lar parasite. 
But i t has been speculated that i t might be because of the act iva-
tion of Ca induced proteases (94). 
Some new proteins have been observed in erythrocyte mem-
branes harbouring dif ferent developmental stages and species of 
malarial parasites. By metabolic surface label l ing and also by 
Immuno-precipitation techniques i t has been shown that a large 
number of these new polypeptides are of parasite o r ig in . Literature 
data concerning the disposit ion of Plasmodium protein in plasma 
membranes of host cel l is shown in Table 1. The new proteins 
that appear in the host cel l plasma membrane are thought to carry 
out two functions. First ly> they may contribute to the metabolic 
requirement of the red cel l and secondly, they may help to protect 
parasit ized cel ls against the host defense system. A protein of 
122 kD was demonstrated on the surface of P. knowlesi-infected 
erythrocytes by pyr idoxa l phosphate/sodium borohydride catalyzed 
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label l ing. This protein is thought of to be an addit ional anion 
transporting system, synthesized and inserted into the host cel l 
membrane by the parasite (95). 
Abnormal red cel ls are eliminated from the system by the 
spleen. Because the parasit ized red cel ls have deformed morpho-
logy and as such should be eliminated by the spleen. The presence 
of knob l i ke structures on the surface of erythrocytes infected 
wi th certain species of malarial parasite help these cells to escape 
destruction by spleen by sequestring them in deep endothelial 
tissues. The knobby (K+) P.falciparum infected erythrocyte adhere 
to the endothelial cel ls because of cytoadherence property of the 
knobs (96). Another mechanism of escape is the expression by 
P.knowlesi schizont-infected erythrocytes of two types of surface 
antigenic proteins. One group consists" of constant antigens and 
the other highly var iable antigens referred to as variant antigens. 
The expression of variant antigens by the parasite may d iver t 
the immune response away from the constant antigens* and thus 
could help in escape of infected erythrocytes from destruction 
by the spleen (97i 95). Apart from the appearance of neo proteins 
there are reports that the permeabil i ty of the infected red cel ls 
is changed. Pore l i ke structures have been observed, which may 
account the new permeabil i ty pathways observed in the cel ls (98). 
The actual number of pores increases wi th the maturation of the 
parasite (98). In parasit ized cel ls the ac t i v i t y of Ca and Mg 
ATPase is signif icant ly altered and accumulation of Na* inside the 
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Infected red cel ls is observed due to the fa i lure of Ha /K ATpase 
(99). 
AIMS AND OBJECTIVES OF THE STUDY 
In order to invade the red ce l ls , the malarial parasite 
brings about drast ic alterations in the membrane l i p i d organization. 
The parasite also al ters the cytoskeleton at the site of i ts entry. 
I t has been suggested that the major cyoskeleton protein, spectrin 
gets degraded on parasit ization (100, 101, 92, 107). However, 
i t is not yet clear whether th is degradation is via activation of 
the erythrocyte membrane bound proteases or caused by parasite 
proteases. Degradation or redis t r ibut ion of spectr in in host cel l 
should affect the organization of the cytoskeleton and in turn may 
affect the cytoskeleton phosphol ipid interact ion. Also, the insertion 
of new proteins in the host ce l l membrane may lead to structural 
alteration at the insertion s i te . This could lead to alterations 
of the interaction between the l i p i d b i layer and cytoskeleton. 
In order to understand the modification brought about by the para-
si te in the organization of the cytoskeleton at the molecular leve l , 
the present study was undertaken in P. knowlesi-infected monkey 
red ce l ls . 
The objectives of the study are defined as fo l lows: 
i ) The difference in protein pattern of the host cel l membrane 
(Normal and parasit ized in dif ferent stages of infection) by 
SDS-PAGE. 
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i i ) The protein pattern of dif ferent glycoproteins in the host 
cel l membrane in schizont stage. 
I l l ) Characterization/Confirmation of the new proteins as possible 
degradation products of spectrin by crossed-immunoelectro-
phoresis, 
i v ) Ext ractabi l i ty of cytoskeletal-proteins from host cel l membrane. 
v) Spectrin organization in low ionic strength extract by gel 
f i l t ra t ion chromatography. 
MATERIALS AND METHODS 
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MATERIALS 
Healthy rhesus monkeys (male), weighing 5-6 kg were 
procured from the CDRI primate house. Aff i-Gel 731 was nbtninod'f'^om 
Bio-Rad laboratories. Ficol l AOO and Conray-A20 were purchased 
from Pharmacia-Fine Chemicals and May & Baker L t d . , respect ively. 
Phenylmethylsulfonyl-f luoride (PMSF), pepstatin A, i,eupeptin, 
M-thylene bis-acrylamide were obtained from Sigma Chemical Co. 
(USA). Ammonium persulfate and N, N, N ' , N'-tetramethylethylene 
diamine were purchased from May and Baker and BDH, respect ively. 
A l l other chemicals were obtained from Qualigens or SISCO research 
laboratories ( Ind ia) . Acrylamide was recrystal l ized before use. 
METHODS 
P.knowlesi Infection in Rhesus Monkeys: 
Healthy rhesus monkeys (Macaca mulatta), weighing A-6 
kg, were infected wi th Plasmodium knowlesi, and kept in l ight 
between 7 hrs and 19 hrs to maintain synchronicity of the infection. 
A l l other conditions were the same as described by Banyal et^  
al (105). 
The Wl strain of P.knowlesi was used. Infection of each 
animal was in i t iated either by an intravenous injection of 0.75-
1.5 ml of buffered cell suspension that had been fro;!en in l i qu id 
nitrogen. The frozen cel l stocks of infected cel ls were prepared 
by mixing two parts infected blood (preferably ring stage, anti-
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coagulated wi th heparin 20 U/ml) wi th one part of 3:7 g lycer in / 
5 mM Na phosphate, 150 mM NaCl, pH 7.A ( v / v ) . The mixtures 
o 
were cooled and then frozen at -70 C in l iqu id nitrogen. 
Evaluation of Parasitaemla: 
The progress of parasite development in infected animals 
was monitored by quatidian blood smears. For t h i s , standard 
uniform blood smears on the glass sl ides were stained with Geimsa. 
The extent of infection was ascertained by counting the proport ion 
of the infected ce l ls . 
Fractionation of Infected Erythrocytes: 
Parasitized red cel ls were separated from the non-para-
si t ized red cel ls and leucocytes by Ficoll-Conray density gradient. 
The FIcoll-Conray mixture was prepared essentially as described 
by Singhal et^  al_. (106). A stock Ficol l AOO solution of 9% (w /v ) 
was made in normal saline and di luted to appropriate densities 
by addit ion of 33% Conray 420 ( v / v ) prepared in d i s t i l l ed water. 
Isolation of Parasitized Erythrocytes: 
P.knowlesi infected monkeys were bled at high parasitaemla 
in heparinized PBS (5 mM sodium phosphate, 150 mM NaCl pH 
7.4) and centrifuged at 1,075^ for A min. The plasma was careful ly 
aspirated and the top darkbrown layer of infected red cel ls was 
taken out carefu l ly . The cells were washed three times wi th 
PBS. The washed cel ls were suspended in PBS 
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and the cel l suspension was loaded on a mixture of FicoU-Conray 
in a rat io of 1:2 respect ively. The cells were centrifuged at 
700 g for f ive min. The infected red cel ls form a clear band 
at the FicoU-Conary/buffer interphase. These cel ls were washed 
thr ice with PBS. The leucocyte contamination in these parasit ized 
red cel l was removed by layering them (50% hematocrit) on FicoU-
Conray (density 1.080) and spinning at 700 g for f i ve min. In 
th is case, equal volumes of the gradient and di luted red cel ls 
were used. The infected cel ls thus obtained had 2-10% contamina-
tion of the nonparasitized erythrocytes. Leucocyte contamination 
was less than 0.1%. The trophozoite and schizont infected e ry th ro -
cytes were pur i f ied by using a density of 1.076 and 1.080 of FicoU-
Conray respect ively. The parasit ized red cel ls so obtained were 
found intact, as judged by l ight microscopy. 
Preparation of Host Cell Membrane: 
The parasite-free host erythrocyte membrane was prepared 
as fo l lows: the cel ls were lysed wi th 20 mM sodium phosphate 
pH (7 .5 ) , containing 0.1 mM EDTA, 0.2 mM PMSF and 20 ug/ml 
each of Pepstatin A and Leupeptin. The lysate was immediately 
centrifuged at 700 g for 2 min at 2-A C. Extreme precaution was 
taken to handle th is lysed solution. The supernatant was careful ly 
aspirated leaving behind a pellet consisting of intact parasites 
and few unlysed ce l ls . The supernatant was centrifuged three 
times in the same way and the pellet was discared each time. 
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The membranes were recovered by spinning the f inal supernatant 
at 30,000 g for 20 min at 4 C and washed two times wi th 5 mM 
sodium phosphate containing O.I mM EDTA pH (7.4) pr io r to fur ther 
use. The pur i ty of the membrane was checked by l ight-microscopy 
and also by assaying the parasite-specif ic enzyme glutamate dehydro-
genase. 
The normal monkey erythrocyte ghosts were prepared by 
the method of Fairbanks et^  al^ (36). 
Extraction and Purification of Spectrin: 
Spectrin was extracted from the normal and parasit ized 
monkey red ce l l membranes wi th low ionic strength buffer (0.3 
mM sodium phosphate, 0.1 mM EDTA, pH 8.0) containing PMSF 
(0.2 mM^ Leupeptin and Pepstatin A (20 ug each/ml) . After wash-
ing membrane pellet with the buffer spectrin extraction was per-
formed by incubating the membranes wi th 5-7 volumes of the extrac-
tion buffer ei ther 36 hr at 4°C or for 30 min at 37°C. After 
completing the incubation, the suspension was centrifuged at 100,000g 
for 60 min In Sorvall AH-627 rotor and the supernatant^ which 
contained spectrin was careful ly taken out. 
Purif ication of spectrin and tetramer-dimer separation 
were carr ied out according to the procedure of Gratzer et al (13). 
B r ie f l y , the crude spectr in, containing free spectrin and actin 
as well as spectr in-act in-4.1 oligomers and traces of haemoglobin, 
was concentrated to a protein concentration of 1 mg/ml by using 
40 
Amlcon-50 u l t ra f i l t ra t ion cones. This was appl ied to a (2.5x55 
cm) or (IxAO cm) column of Sepharose CL-4B, equi l iberated wi th 
20 mM sodium phosphate, 0.1 M NaCl, 2 mM NaN-, pH 7.6. The 
column was eluted at about 18 ml /h r and 2 ml or 2.5 ml fractions 
were col lected. Protein in the effluent was monitored by absorbance 
at 280 nm and analysed for pur i ty by SDS- polyacrylamide gel 
electrophoresis (36, 103). 
Gel Electrophoresis: 
Tr is-g lyc ine system of Laemmli (103) was used for SDS-
polyacrylamide gel electrophoresis. Routinely a separating gel 
of 10^ acrylamide (pH 8.8) and a stacking gel of 5^ acrylamide 
(pH 6.8)were used. 
Stock solutions of 30^ acrylamide containing 0.8% b is -acry la -
mlde, 1M Tr is (pH 8.8 and 5.8) and 20% SDS were prepared and 
used whenever required. Protein samples were prepared to give 
a f inal concentration of 2% (w /v ) SDS, 0.5% ( v / v ) 2-mercaptoethanol, 
0.0625 M Tr is HCl, pH 6.8 and 10% ( v / v ) glycerol wi th a trace 
of bromophenol blue as a tracking dye. Samples were then heated 
in a boi l ing water b'ath for about 3 min. The electrode buffer 
contained 0.025 M T r i s , 0.2 M glycine and 0.2% SDS. The protein 
bands were detected by staining the gels wi th Coomasie-Brill iant 
Blue R-250. In some experiments continuous gel electrophoresis 
system of Fairbanks et^  al^ (36) was used for protein analysis. 
Antispectrin Antiserum: 
Antiserum against pur i f ied spectr in was raised in healthy 
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rabbits by injecting the protein, emulsified in Freund's complete 
adjuvant, subcutaneously at mult iple sites (60-70 s i tes) . After 
65 days, booster doses were given in Freund's incomplete adjuvant. 
Crossed Immunoelectrophoresis: 
The crossed Immunoelectrophoresis was carr ied out using 
the known procedure (102). B r ie f l y , the host ce l l membranes 
were subjected to SDS-PAGE in 1.5 mm th ick slab gels using the 
procedure of Laemmli (103). The runs were terminated when the 
tracking dye migrated to a distance of 10-12 cm. The gel s t r ips 
containing ghost proteins were trimmed and washed for 30 min 
with a buffer containing 38 mM T r i s , 100 mM glycine (pH 8.7) 
and 1% Tr i ton X-100 A 1% agarose gel (15x8 cm) was prepared 
in 38 mM T r i s , 100 mM glycine (pH 8.7) , and 3.5% TritonX-100. 
At cathodic end of the agarose gel , a well was cut of the size 
of Doiyacrylamide gel s t r i p . The polyacrylamide gel s t r i p 
was then transferred to th is wel l and the gaps were sealed by 
application of a few drops of warm agarose (wi th 3.5% TritonX-
100). Simultaneously, a well was prepared (size 13x3 cm) in 
the agarose gel at the anodic side for layering antibody containing 
agarose. Agarose solution (1%), containing, 38 mM T r i s , 100 mM 
glycine, 2% TritonX-100 and 100 ul of antispectr in serum per 
ml of agarose solution, was poured in the preformed we l l . Electro-
phoresis was car r id out 2\//cm for about 16 hr at room temperature, 
using Tr is-g lyc ine buffer (pH 8.7) , without TritonX-100. The po ly-
acrylamide gel s t r ip was removed pr io r to washing and staining 
of the agarose gel . 
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Periodic Acid Schiffs Staining of Gels: 
The carbohydrate specif ic staining of polyacrylamide gels 
was performed essentially according to Fairbanks et^  al^ (36). Because, 
a high concentration of SDS produced an intesne background, the 
SDS was removed before PAS staining by suspending the gel in 
the following solutions at the room temperature for the stated 
t imes; no less than 50 ml/or-.l was used at each stage: (1) 25% 
isopropyl alcohol, 10% acetic ac id ; overnight; (2) 10% isopropyl 
alcohol, 10% acetic ac id ; 6-9 h r ; (3) 10% acetic ac id ; overnight. 
After th is treatment the gels were treated with staining 
reagent with gentle shaking at room temperature in the following 
sequence: (1) 0.5% periodic ac id ; 2 h r ; (2) 0.5% sodium arsenite, 
5% acetic ac id ; 30-60 min; (3) 0.1% sodium arsenite, 5% acetic 
ac id ; 20 min repeated twice; (4) 5% acetic ac id , 10-20 min and 
repeated twice. The gels were then soaked in S c h i f f s reagent 
overnight. Rose pink bands appeared after 5-10 min in the S c h i f f s 
reagent and intensif ied as the reagent penetrated to the centre 
of the gels. The unreacted S c h i f f s reagent was removed by soaking 
the gel s t r ips in 0.1% sodium metabisulphite in 0.01 N HCl with 
Intermittant changes. 
Glutamate Dehydrogenase Assay: 
The l y t i c effect of 20 mM sodium phosphate (pH 7.4) 
on the parasite was determined by lysing the infected erythrocytes 
and pellet ing the parasite at 750 g. Tho pol iet was immediately 
A3 
washed wi th PBS (5 mM sodium phosphate, 155 mM sodium chlor ide 
pH 7.4) three times. An aliquot of th is pellet was sonicated 
in 20 mM sodium phosphate buffer (pH 7.4) in ice cold condition 
and suspension centrifuged at 20,000 g (30 min). This supernatant 
was used for standard assay of glutamate dehydrogenase ac t i v i t y . 
Parasite contamination in the membrane preparation was checked 
by taking 200 ug of host cel l membrane protein and 200 ul of 
parasite lysate (obtained after sonication) in separate test tubes. 
To these tubes, 0.2 ml of ammonium acetate (1 M stock) and 0.10 
ml of NADH (2 mM stock) was added. The volume of the assay 
system was then made to 1.7 ml with 20 mM sodium phosphate 
(pH 8.0) . After measuring the prel iminary non-specific reaction 
at 340 nm, 0.30 ml of the substrate, o C ketoglutarate (100 mM 
stock/pH 8.0) was added and change in opt ical density at 340 
nm was recorded. Conversion of NADH to NAD at 340 nm was 
used was the c r i te r ia of enzyme ac t i v i t y (104). 
RESULTS 
4A 
Assessment of Membrane Purity: 
Since the success of the proposed study largely depended 
on the pur i ty of the erythrocyte membranes, the isolated membranes 
were examined for the i r pu r i t y . The methods currently avai lable 
to assess the pur i ty of erythrocyte membranes include microscopic 
observation for the presence of intact parasite or i ts organelles, 
and determination of the parasite-specif ic enzymes in the e ry th ro -
cyte membrane preparations. These methods though re l iab le , but 
fa i l to detect the contamination of the parasitophorous vacuole 
membrane which originates from the erythrocyte plasma membrane 
at the time of merozoite entry into the red cel l and encircles 
the Intracel lular parasite. There are no accepted ul t rastructural 
immunochemical or biochemical markers for th is membrane. There-
fore, the presence of th is membrane in the erythrocyte membrane 
preparation is d i f f i cu l t to ascertain. 
The membranes recovered from P.knowlesi-infected e ry th ro -
cytes after d i f ferent ia l centrifugation were v i r tua l l y free of parasites 
as judged by l ight microscopy and on the basis of parasi te 's 
soluble enzyme marker, glutamate dehydrogenase. No enzyme a c t i -
v i t y was detected in any of the membrane preparation. 
Comparison of Monkey and Human Red Cell Membrane Proteins: 
Analysis of Coomassie blue-stained SDS-PAGE gels have 
revealed. that there was no significant difference in both electro-
phoretograms. The comparative study of the both electrophoreto-
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-BAND 1 
-BAND 2 
-BAND 3 
-BAND 4.2 
-ACTIN 
.BAND 6 
Fig. 6: SDS-polyacrylamide gel electrophoresis of e ry th ro -
cyte membrane proteins from: Lane 1: normal 
monkey red ce l ls , Lane 2: normal human red cel ls . 
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grams are given in Table 2. Densitometry scans of these gels, 
shown in Fig. 6, indicate that the relat ive concentration of spectrin 
in the human red cel ls membranes is higher than in the monkey 
red cel l membranes. Also, the amount of band 6 protein appeared 
higher in the human cells as compared to monkey erythrocytes. 
The relat ive concentrations of other proteins were almost s imi lar 
in both the cases (F ig . 7) . 
Membrane Proteins of Infected Erythrocytes: 
No significant changes seemed to occur in the membrane 
proteins of the host monkey erythrocytes at any stage of P.knowlesi 
infection, v i z . trophozoite and schizont (F ig. 8 ,9) . The re lat ive 
concentrations of the major proteins l i ke spectrin (Band 1 and 
2) and Band 3 protein in the parasi t ized, cel ls were simi lar to 
that in the uninfected normal erythrocytes. Densitometric scans 
of these gels are given in Fig. ID and 11 . Also the intensities 
of bands A. l and 4.2 were not signif icantly altered (Table 2) . 
However, in the membranes of the parasit ized erythrocytes, there 
were some new proteins which were absent in the normal erythrocyte 
membrane. The apparent molecular weights of these new proteins, 
as determined by SDS-PAGE, were about 163 kD, 107 kD, 90 kD, 
70 kD, 55 kD and 23 kD (Fig. 8,9 ). Besides these new proteins, 
the intensity of the erythrocytes membrane protein corresponding 
to band 6 was signif icant ly reduced after infecting the cel ls wi th 
P.knowlesi (F ig. 8,9 ). Also, the concentration of the band 7 
protein appeared to increase in the infected ce l ls , which was 
consistant wi th the ear l ier report (107) (F ig. 8 ,9) . 
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F ig . 9: 
SDS-po lyacry lamide gel e lec t rophores i s of e r y t h r o -
cy te membrane pro te ins f r om: 
a) - Normal human red c e l l 
b) - Normal rhesus monkey red c e l l 
c) - Trophozo i te — infected rhesus 
c e l l 
monkey red 
SDS-po lyacry lamide gel e lec t rophores i s of e r y t h r o -
cy te membrane pro te ins f r o m : 
a) - Normal human red cell 
b) - Normal rhesus monkey red c e l l 
c) - Sch izon t - in fec ted rhesus monkey red c e l l 
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MIGRATION 
Fig. 10; Densitometric scans of Coomassie blue stained 
SDS-PAGE geis of erythrocyte membrane prepared 
from: 
A - Normal monkey erythrocyte 
B - Trophozoite-infected monkey erythrocyte 
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To f ind out whether the new proteins are of parasite o r ig in , 
the uninfected normal and infected erythrocytes, the i r ghosts and 
cytosols were electrophoresed on the SDS-polyacrylamide gels. 
Results are shown in Fig. 12. The proteins corresponding to the 
molecular weights of 163 kD, 90 kD, 55 kD and 23 kD were present 
in the whole infected erythrocytes but were completely absent 
in the normal cel ls . I t may, therefore, be inferred that these 
proteins are of the parasite or ig in , but i t is d i f f i cu l t to envisage 
whether these proteins have been inserted by the parasite into 
the host ce l l membrane, as reported ear l ier (108), or they o r i g i -
nate from the parasite membrane contamination in the host cel l 
membrane. The protein cor'responding to molecular weight of 70 
kD seems to be of host erythrocytes cytosol o r ig in , as th is protein 
is present in the host cel l cytosol but is absent in the parasites. 
Identification of Neo Proteins by Crossed-Immunoelectrophoresis: 
To rule out the poss ib i l i t y of spectrin degradation in 
the parasit ized erythrocytes the proteins separated in the f i r s t 
dimension on SDS-PAGE were electrophoresed, in the second dimen-
sion in the presence of antiserum raised against monkey erythrocytes 
spectrin in rabb i ts . Results of these experiments carr ied out 
on the trophozoite and schizont-infected erythrocytes are shown 
in Fig. 13. Figure 13 clear ly shows that ant i -spectr in antibodies 
cross-reacted wi th spectrin bands only. No other band than these 
bands cross-reacted wi th these antibodies. These results confirm 
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F i g . 12: SDS-po lyacry lamide gel e lec t rophores i s of e r y t h r o c y t e 
membrane pro te ins and paras i te containing red c e l l s . 
Lane 1,2,3 contains no rma l , nonparas i t i zed and 
sch izon t - in fec ted red c e l l membrane pro te ins r e s -
p e c t i v e l y . Lane A,5 ,6 contain norma l , nonparas i t ized 
and sch izon t - in fec ted whole red ce l l p ro te i ns , r e s -
p e c t i v e l y . Lane 7,8 ,9 have the respec t i ve cy toso l 
of no rma l , nonparas i t i zed and sch izon t - in fec ted 
red c e l l s . 
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F i g . 13: Crossed immunoelect rophoret ic ana lys is using a n t i -
body against s p e c t r i n . SDS-PAGE in the f i r s t d imen-
sion of membrane pro te ins ( w i t h a r rows po in t ing 
in the anodic d i r e c t i o n ) was fo l lowed by immuno-
e lec t rophores i s in the second dimension (anode on 
t o p ) , against an t i spec t r i n -an t i se rum. 
A - Normal monkey red c e l l membrane 
8 - Trophozo i te stage monkey red c e l l membrane 
C - Schizont stage monkey. red c e l l membrane 
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the present f inding that spectrin remains unaltered during infection 
of monkey erythrocytes with P. knowlesi. 
These results are in contrast to the ear l ier findings of 
Wallach and Conley (107) but are consistent wi th the observation 
of Harvey Eisen (109) who showed that spectrin is not modified 
In the P.chabaudi - infected murine red ce l ls . 
Analysis of Host Cell Membrane Sialoglycoproteins by Periodic 
Acid Schiff's (PAS) Staining: 
Sialoglycoproteins of monkey erythrocyte membrane were 
compared wi th the human erythrocyte membrane sialoglycoproteins 
after staining the SDS-PAGE with periodic acid Schi f f 's reagent. 
The monkey erythrocyte membrane proteins were dif ferent than 
of the human erythrocyte membrane proteins. The approximate 
molecular weight of the monkey erythrocyte membrane PAS-staining 
proteins are given in Table 3. . 
The effect of P. knowlesi-infection on the monkey erythrocyte 
membrane PAS-staining proteins was also determined at the t ropho-
zoite and schizont stage. These proteins were not altered at these 
stages of the infection (F ig. 14). 
Spectrin Tetramer-Dimer Equilibrium in Parasitized Red Cells: 
A typ ica l elution pro f i le from a Sepharose-CL-4B column 
of the 4 C low-ionic strength extract of the membrane proteins 
is shown in Fig. 15. Gel electrophoretic analysis shows that 
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Fig. 14: P e r i o d i c - a c i d S c h i f f s s ta in ing of s ia log lycopro te ins 
of red c e l l membranes a f te r SDS-PAGE. 
A - Lane 1,2,3 contain normal monkey, t rophozo i te 
in fected monkey red ce l l and human red c e l l 
membrane p ro te ins r e s p e c t i v e l y . 
B - Lane 1,2,3 contain normal monkey, nonpara-
s i t i z e d and sch i zon t - i n fec ted monkey red 
c e l l membrane pro te ins r e s p e c t i v e l y . 
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Fig . 16: SDS-PAGE of Sepharoso CL-''*B f rac t ions (shown 
in F ig . 15) . 
A - Lane 1 normal monkey ghost , Lane 2,3 contain 
peak a, Lane 4,5 contain peak b p ro te i ns , 
lane 6 has marker p ro te ins . 
B - Lane 7,8 contain peak a ' and Lane 9 has 
peak h ' p ro te i ns . 
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both the pr in ic ipa l peaks are made up of spectr in. The lead-
ing peak (a) which corresponds to the void volume contains a 
mixture of oligomeric species, whereas the second peak (b) consists 
ent i re ly of spectrin tetramer. Peak (a) also contains actin as 
is evident from Fig. 16. The heated sample of the low ionic 
strength extract has two major peaks and one very small peak. 
The second peak was broad and shif ted (Fig.15 ). The broadening 
of the peak showed that i t was a mixture of two species of spectr in 
namely tetramer and dimer. Peak recovered in the broadening 
zone' was free from act in. The f i r s t peak contained act in, but 
i t was smaller than that in A'^C extract.These elution prof i les remained 
unaltered when spectr in-act in were extracted from the membranes 
of Schizont-infected erythrocytes in identical condition (F ig. 17). 
These results indicate that spectr in dimer-tetramer equi l ibr ium 
is not affected by the presence of malarial parasites whi th in the 
monkey erythrocytes. 
Extractability of Cytoskeleton from Host Cell Membrane: 
Red cel l membrane cytoskeleton was extracted from para-
si t ized and normal red cel ls .by low ionic strength buffer under 
identical conditions. The ext rac tab i l i ty of the cytoskeleton from 
the membranes of the parasit ized red cel ls was similar to that 
of the normal cel ls (Table A). This Indicates that cytoskeleton-
membrane bi layer interactions are not signif icantly altered in the 
infected erythrocytes. 
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Fig. 17: Elution pattern of 4 C cytoskeleton extract 
from Sepharose CL-AB column: 
A - From monkey red cel l 
B - From schizont-infected red cel l 
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Deformation and mechanical propert ies of the red cel ls 
are controlled by the interaction of the membrane bi layer wi th 
the underlying membrane skeleton. Any attempt to deform the 
red cel ls is resisted by the membrane skeleton which is a meshwork 
of three major and few minor proteins, of which spectrin is the 
major structural constituent. Therefore, i t is impl ied for the 
malarial parasite to enter in the red ce l l , the external parasite 
must alter the membrane skeleton-bilayer interaction to fac i l i ta te 
its entry into the ce l ls . 
Earlier studies have shown that the cytoskeleton protein 
spectr in, is degraded in the infected cel ls (107, 101, 92). This 
observation has generally been used to explain the altered cyto-
skeleton-bi layer interaction in the infected ce l ls . However, no 
precaution has been taken in these studies to eliminate the possi-
b i l i t i es of the host cel l membrane protein degradation by the 
parasite proteases which w i l l be released during lys is of the 
cel ls in the process of membrane preparation. I t is l i ke l y that 
these proteases degrade the host ce l l membrane proteins during 
the work-up of the membrane, rather than the protein degraded 
by the parasite wi th in the ce l l . To examine th is poss ib i l i t y , 
the structure of spectrin was studied in rhesus monkey red cel ls 
infected wi th dif ferent developmental stages of P.knowlesi. 
Results discussed in the preceding section clear ly shown 
that spectrin to band 3 rat io remains v i r tua l l y unaltered after 
6A 
Infect ion of the e r y t h r o c y t e w i t h the ma la r i a l p a r a s i t e . That 
spec t r i n i s not a l t e r e d in the in fec ted c e l l was f u r t h e r conf i rmed 
by immunochemical a n a l y s i s . Spec t r in was p u r i f i e d f rom normal 
monkey red c e l l s and an t ibod ies to t h i s p ro te i n was ra i sed in 
r a b b i t s . The an t i - se ra so-obta ined was used to i d e n t i f y p ro te ins 
re la ted to s p e c t r i n , i f t he re i s any , by c rossed- immunoe lec t ro -
p h o r e s i s . Results of these s tud ies have revea led tha t the s p e c t r i n -
spec i f i c an t ibod ies react w i t h no o the r p ro te i n than s p e c t r i n . 
Th i s f u r t h e r suggests tha t s p e c t r i n i n in fec ted c e l l s i s not s t r u c t -
u r a l l y m o d i f i e d . 
To f u r t h e r conf i rm t h i s f i n d i n g , the s p e c t r i n t e t ramer -
to d imer r a t i o was s tud ied in the in fec ted c e l l s , as t h i s r a t i o 
has been shown to change when s p e c t r i n undergoes s t r u c t u r a l abnor -
ma l i t y (110, i l l ) . In the in fec ted c e l l s , the spec t r i n t e t r amer -
to -d imer r a t i o was s i m i l a r to tha t observed in the normal rhesus 
monkey e r y t h r o c y t e s . I t may, t h e r e f o r e , be i n f e r r e d that s p e c t r i n 
s t ruc tu re i s not a l t e red by the pa ras i te e i t h e r du r i ng invas ion 
or du r i ng i t s development in the host e r y t h r o c y t e . 
To inves t iga te whether t he re i s any change in the i n tens i t y 
of In te rac t ion between the membrane b i l a y e r and membrane ske le ton , 
the e x t r a c t a b i l i t y of the cy toske le ton f rom the in fec ted and normal 
e r y t h r o c y t e ghosts was ana lyzed , s ince i t shou ld g ross ly depend 
on these i n te rac t i ons . As the re was no change in the e x t r a c t a b i l i t y 
of the cy toske le ton a f te r i n f e c t i o n , i t may be i n f e r r e d tha t the 
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interactions of the membrane b i layer wi th membrane skeleton are 
probably not affected in the infected ce l ls . 
This study shows that the major membrane skeletal prote in, 
spectr in , is not structural ly modified by the malarial parasite. 
Therefore, for I ts entry ,^  the external parasite should employ 
some other mechanisms than the spectr in degradation, to al ter 
the host erythrocyte cytoskeleton. I t may secrete some proteins 
which could span the membrane bi layer as wel l as can interact 
wi th the membrane skeleton. These interactions in turn could 
then modify the host cel l membrane deformabi l i ty . Such proteins 
have already been shown to be secreted by P.falciparum during 
invasion (112). A l ternat ive ly , the external parasite can Induce 
expansion of the host ce l l membrane bi layer by secreting l i p i ds 
on the membrane surface which, consequently would affect the mem-
brane bi layer-cytoskeleton interactions. That Plasmodium secretes 
l i p i ds during invasion has recently been demonstrated in case 
of P. falciparum (113) and ear l ier in case of P.knowlesi (89). 
Besides these poss ib i l i t i es , i t may also be envisaged that the 
external parasite could secrete some proteolyt ic enzymes into the 
host ce l l cytosol by some as yet unknown mechanism which could 
result in degradation of some strategic proteins, l i ke ankyr in . 
F ina l ly , the parasite could secrete some water soluble proteins 
which may compete for binding wi th cytoskeleton proteins. However, 
the present study i s * not sufficient to dist inguish between these 
poss ib i l i t ies . 
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The present study has also impact on the mechanisms 
that regulate the transbi layer movement of phospholipids in the 
erythrocyte membrane. In normal erythrocytes, i t is believed 
that these movements are controlled by the interaction of the 
aminophospholipids wi th spectrin (54). In cases where spectrin 
becomes abnormal, the aminophospholipids which are normally 
located almost exclusively in the inner-monolayer tend to par t ia l ly 
migrate to the outer surface. In malaria-infected cel ls i t has 
ear l ier been shown that the phosphol ipid movement across the 
membrane bi layer is signif icantly enhanced. Since spectr in in 
infected erythrocytes is not structural ly a l tered, i t would seem 
that the spectr in-phosphol ip id interactions in the erythrocytes 
have no primary role in regulating the transmembrane movements 
of the various phospholipids wi th in the membrane b i layer . 
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